ABSTRACT A study with a 2 × 3 × 2 factorial arrangement was conducted to determine the effects of 2 dietary protein levels (high = CPh and low = CPl) during rearing, 3 dietary energy levels (3,000, MEh1; 2,800, MEs1; and 2,600, MEl1, kcal/kg AME n , respectively) during the first phase of lay, and 2 dietary energy levels (2,800, MEs2; and 3,000, MEh2, kcal/kg AME n , respectively) during the second phase of lay on body composition and reproduction in broiler breeders. No meaningful interactions for energy and protein treatments within the different phases of the study were found and, therefore, this paper focusses on the main effects. Pullets fed the CPl diet had a 12.8% higher feed intake, 14% lower breast muscle, and 97% higher abdominal fat pad portion at 22 wk age. The increased abdominal fat pad and decreased breast muscle of the CPl compared to the CPh birds increased hatchability during the first phase of lay, due to a decreased embryonic mortality between d 10 to 21 of incubation, and increased egg production during the second phase of lay. Feeding birds the MEh1 and MEl1 diets slightly decreased egg production compared to the MEs1 birds. Birds fed the MEh1 diet showed a higher mortality compared to the birds fed the MEs1 and MEl1 diets. Feeding birds the MEh2 diet did not affect egg production, increased hatchability of fertile eggs, decreased embryonic mortality between d 3 to 21 of incubation, and increased the number of first-grade chicks. It was concluded that a low-protein diet during rearing changed body composition with positive effects on incubation traits during the first phase of lay and improved egg production during the second phase of lay in broiler breeders. A high-energy or low-energy diet compared to a standard diet during the first phase of lay slightly decreased total and settable egg numbers while a high-energy diet during the second phase of lay increased hatchability and number of saleable chicks.
INTRODUCTION
The last decades has shown an increased growth potential of broiler breeders due to selection on growth of the offspring (Havenstein et al., 2003a,b; Renema et al., 2007b) . Besides the improvement in growth performance of broilers, body composition has changed as well during this period. Havenstein et al. (2003b) reported that a 2001 broiler strain (Ross 308) had a lower portion (%BW) of abdominal fat (AF) and carcass fat at 43 d (1.4 and 13.7%, respectively) than a 1957 strain at 85 d (2.0 and 17.9%), when both strains were fed a 2001 diet. Breast muscle (BM; % BW) was 20.0 and 12.2% for the 2001 and 1957 strain, respectively. This selection on increased feed efficiency and growth rate, and decreased body fat content has not only affected the offspring but also the parent stock (broiler breed-C 2015 Poultry Science Association Inc. Received July 2, 2014. Accepted January 12, 2015. 1 Corresponding author: rick.vanemous@wur.nl ers). It is suggested by some researchers (Sun and Coon, 2005; De Beer, 2009; Decuypere et al., 2010 ) that a certain proportion of body fat in broiler breeders at the onset of lay is necessary for maximum egg and chick production. It was shown that carcass fat at sexual maturity is between 11 and 15% of total BW (Joseph et al., 2000; Renema et al., 2001a,b; Sun et al., 2006; Renema et al., 2007a) . Body composition can be adjusted by different feed allowances during rearing and lay (e.g., Fattori et al., 1993; Renema et al., 2001a,b; Van Emous et al., 2013) , but also by differences in nutrient composition of the diet (Van Emous et al., 2013) . The impact of feed management during rearing on reproductive performances can be attributed to a modified body composition at onset of lay but can also be achieved by changes in dietary composition during lay. Lopez and Leeson (1995) showed that feeding a higher CP level (16 vs. 10%) to broiler breeders during the entire laying period increased infertility level from 4.6 to 9.4%. Moreover, Ekmay et al. (2013) showed that increasing levels of dietary lysine and isoleucine at peak production reduced fertility. The positive effect of decreasing lysine on fertility had been previously reported by Mejia et al. (2012) . Pearson and Herron (1982) reported, that low daily protein intake (21.3 to 27.0 g/d) during lay improved hatchability as compared to high protein due to a decreased embryonic mortality. Similarly, Whitehead et al. (1985) reported a significant increase in saleable chicks per breeder when the breeder diet contained 13.7 compared to 16.8% CP. In contrast, no dietary effects (19 or 25 g CP and either 325, 385, or 450 ME/bird/day) on embryonic mortality were found by Spratt and Leeson (1987) .
Research has shown that a high protein content of the diet during lay can decrease fertility and hatchability of fertile eggs in broiler breeders. However, little is known about effects of body composition on incubation traits and egg production. Therefore, the objective of the study was to determine the effects of different dietary protein levels during rearing and different dietary energy levels during lay on body composition and reproduction of the modern Ross 308 broiler breeders.
MATERIALS AND METHODS
The protocol for the study conformed to the standards for animal experiments and was approved by the Ethical Committee of Wageningen UR, the Netherlands. Animal care guidelines were used according to the European guide recommendations for animal use for experimental and other scientific purposes (Forbes et al., 2007) .
Study Design
The effects of different dietary protein levels during rearing and different dietary energy levels during lay on body composition and reproduction were studied using a 2 × 3 × 2 factorial completely randomized design with 2 CP levels (CPh = high protein; or CPl = low protein) during rearing between 2 and 22 wk age; high, standard and low dietary energy levels during the first phase of lay between 22 and 45 wk age (3,000, MEh1; 2,800, MEs1; and 2,600, MEl1, kcal/kg AME n , respectively) with 14.4% CP, 0.53% digestible (dig) Lys, and 0.50% dig M+C; and standard and high dietary energy levels during the second phase of lay between 45 and 60 wk age (2,800, MEs2; and 3,000, MEh2, kcal/kg AME n , respectively) with 14.1% CP, 0.52% dig Lys, and 0.49% dig M+C.
Birds, Housing, and Management
A flock of 3,000 Ross 308 female broiler breeder 1-day-old chicks (Aviagen-EPI, Roermond, The Netherlands) were allotted to 36 floor pens (4.5 × 2.5 m) in 2 identical climate-controlled rooms. The study started at d 14 with 80 pullets/pen. An extra pen was available with 120 pullets to replace dead chicks between d 1 and 14. Due to mortality, sex errors, and culling (removing the smallest), the number of pullets was gradually reduced to 76 (6 wk age), 73 (15 wk age), and 70 (22 wk age). Males were reared elsewhere and introduced into the pens (8/pen) when the breeders were 23 wk age. The number of males per pen was gradually reduced to 7 and 5 at 25 and 27 wk age, respectively. At 34 and 36 wk age, one male/pen was replaced by a sexually mature spike male. At 47 wk age one male/pen was removed leaving 4 males/pen. Small and inactive males were culled.
Floor pens contained an elevated floor (1.2 × 2.0 m) with plastic slats and wood shavings were used as litter on the remaining area. Pullets were fed manually until 15 wk age, and from that age onwards by automatic pan feeding (5 pans/pen) containing a male exclusion system. One manual feeding pan per pen positioned at a minimum height of 50 cm, to prevent female access to the feed, was provided for the males. Water was supplied by one bell drinker positioned above the litter floor until wk 11 and from that age onwards above the slatted floor. Per pen, 4 laying nests (94 × 33 cm) were available to the breeders from 23 wk age onwards. During rearing and lay feed was provided at 7:45 a.m. and 10:30 a.m., respectively. For each specific dietary treatment, water was provided from 15 min prior to feed allowance and 2 h after all feed had been consumed. Water intake was restricted to prevent over-drinking. This meant that treatments with a longer eating time, due to a larger feed allowance, had water available for a longer period of time. Feed was provided ad libitum from 0 to 2 wk age, and from wk 2 onwards pullets were fed restricted amounts of mash feed daily. During rearing, pullets followed a 4-phase feeding system. The starter 1 diet was fed from 0 to 2, the starter 2 from 2 to 6, the grower from 6 to 15, and the Prebreeder from 15 to 22 wk age. Within each phase during rearing, diets were formulated to be isocaloric. Digestible amino acid (AA) content was lowered by approximately 16% for the CPl diet, compared with the CPh diet. Diets during lay were formulated to be isonitrogenous. During the study, birds were maintained on the same target BW and feed allocation was adjusted to the predetermined body growth curve during rearing and a combination of the predetermined body growth curve and egg production during lay (Aviagen-EPI, Roermond, the Netherlands). Males received a standard male diet (2,560 AME n kcal/kg; 12.9% CP; 0.4% dig Lys; 0.4% dig M+C; 1.0% Ca; 0.3% aP). Ingredient composition and calculated nutrient contents of the female diets during rearing and lay are presented in Tables 1 and 2,  respectively. Room temperature was maintained at 33 • C during the first 2 d, and from d 3 onwards temperature was gradually reduced to 20
• C at wk 5. The pullets were reared following a photoperiod of 24L:0D (20 lx) for the first 3 d which was gradually reduced to a photoperiod of 8L:16D (5 lx) at wk 3. Breeders were photostimulated with 11 h light at 21 wk age (40 lx), and day length was 
Observations
Body weight. To monitor BW and BW gain, 10 birds/pen (as group) were weighed weekly from 0 to 35 wk age and from 35 wk age onwards biweekly in the morning before feeding, and feeding levels were adjusted to similar growth rates throughout the study. Feed, energy, and protein intake. Cumulative feed, energy, and CP intake were calculated for rearing, first phase, and second phase of lay.
Body composition. At 22, 35, and 59 wk age, one randomly selected female bird per pen was killed and weighed. Breast muscle (BM; total of pectoralis major and pectoralis minor) and abdominal fat (AF) pad were dissected from the carcass and weighed. The weights of BM and AF were expressed as a percentage of BW. Egg production. All eggs per pen were collected and recorded daily. The total number of settable (above 50 g), small (under 50 g), double yolk, abnormal shell, and dirty eggs were calculated per pen, per week, and per phase of lay.
EW, ASM, and peak production. Egg weights (EW) of all hatching eggs (settable and small) were recorded on a daily basis. Weekly and average egg weight per phase were calculated. Age of sexual maturity (ASM) was defined as age at 50% production and was determined by a linear interpolation of the week (in d) where birds passed 50% rate of lay. Peak egg production was determined as a 3 wk rolling average.
Mortality.
Mortality was recorded daily per pen to calculate total percentage of mortality per week, phase, and total laying period. Mortality was categorized as leg problems and other causes.
Fertility, hatchability, embryonic mortality, and second-grade chicks. Starting at 28 wk age, at a 5 wk interval, 150 eggs/pen from a 3 to 4 d production period were transported and set, after a 5 d storage period, in an incubator at a commercial hatchery (Probroed and Sloot, Meppel, the Netherlands). Eggs were candled on d 10 of incubation and clear eggs and dead in shell were opened to determine infertility and the timing of embryonic mortality by visual appraisal (categorized in d 1 to 2 or d 3 to 9). At d 18, eggs were transferred to hatcher baskets and placed in a hatcher. At d 21 of incubation, unhatched eggs were calculated and scored as d 10 to 21 embryonic mortality. All chicks were graded as first-or second-grade chicks, where a first-grade chicken was defined as dry, free of deformities, and bright eyes (Tona et al., 2004) . Fertility was calculated as the percentage of fertile eggs of the set eggs. Hatchability of set and fertile eggs was calculated as the percentage of first-grade chicks hatched of set and fertile eggs, respectively. Embryonic mortality was calculated as a percentage of fertile eggs. Second-grade chicks were calculated as a percentage of total hatched chicks.
Statistical Analysis
The Residual Maximum Likelihood variance component analysis procedure (Genstat 15 Committee, 2012) was used to test the effect of the nutritional factors on the determined traits, using the model:
where Y ijk = dependent variable; μ = overall mean; CP i = fixed effect of protein level of the rearing diet i (i = 2; high and low); ME1 j = fixed effect of energy level of the Laying Phase 1 diet j (j = 3; high, standard, and low); ME2 k = fixed effect of energy level of the Laying Phase 2 diet k (k = 2; standard and high); and e ijk = the error term. The statistical model for incubation traits within the different phases included age. P-values for CP i are presented for all parameters that were determined during rearing. P-values for CP i , ME1 j , and CP i × ME1 j are presented for all parameters that were determined during the first phase of lay. P-values for CP i , ME1 j , ME2 k , CP i × ME1 j , CP i × ME2 k , ME1 j × ME2 k are presented for all parameters that were determined during the second phase of lay. The three-way interactions between the treatments were never found to be significant and, therefore, not presented in the tables.
From the beginning until the end of the study, pen was considered as the study unit. Data are presented as mean ±SEM. Unless otherwise noted, all statements of significance are based on testing at P < 0.05.
RESULTS

BW and Body Composition
BW at 22, 35, and 59 wk age were not affected by the different treatments (Table 3) .
Pullets receiving the CPl diet had 14% less BM and 97% more AF at 22 wk age compared to the CPh pullets (Table 3) . At 35 wk age, differences in BM and AF had disappeared between the 2 dietary rearing treatments. Dietary energy levels during the first and second phase of lay did not affect measured body composition parameters during lay. a-c Means within a column and within a source without a common superscript differ significantly (P < 0.05). 1 Feed = Cumulative feed intake (kg/bird); Energy intake = Cumulative AME n intake (kcal/bird); CP = Cumulative CP intake (g/bird). 
Feed, Energy, and CP Intake
In all phases, feed intake was adjusted to meet target BW. Cumulative feed, energy, and CP intakes during the different phases of the study are shown in Table 4 . To meet target BW at 22 wk age, feed and energy intake between 2 and 22 wk age for CPl birds was increased by 12.8%, while CP intake was decreased by 3.7%, compared with the CPh birds. Birds receiving the MEh1 diet showed a 7.5% decreased feed intake, 1.0% decreased energy intake, and 6.9% decreased CP intake compared with the MEs1 birds. Birds receiving the MEl1 diet showed a 7.7% increased feed intake, 0.1% decreased energy intake, and 6.8% increased CP intake compared with the MEs1 birds. Cumulative feed, energy, and CP intake were decreased by 8.5, 2.0, and 9.6% in MEh2 compared with the MEs2 birds, respectively.
Egg Production
Despite a higher hen-day egg production for the CPh birds at 28, 30, and 31 wk age (Figure 1 ) no effects were found on total and settable eggs (Table 5) or peak egg production (Table 6 ). Feeding birds the CPl diet during rearing resulted in 0.3 more small and 0.4 more doubleyolk eggs during the first phase of lay (Table 5) , and 3.0 more total and 3.6 more settable eggs during the second phase of lay (Table 7) , compared to the birds fed the CPh diet.
Birds fed the MEs1 diet produced slightly more total (P = 0.063) and settable (P = 0.086) eggs during the first phase of lay, compared to the birds fed the MEh1 and MEl1 diet, irrespective the dietary protein level during rearing (Table 5) . A linear decrease in dietary energy level during the first phase of lay resulted in a linear decrease in double-yolk eggs during this period. No carryover effects of treatments during the first phase of lay on the second phase were found.
Despite a small effect on double-yolk eggs, dietary energy level during the second phase of lay did not affect egg production (Table 7) .
Egg Weight, ASM, and Peak Production
No effects of rearing diets were found on egg weight, ASM, and peak production (Table 6 ). Dietary energy level during the first phase of lay did not affect egg weight during that period. However, a linear decrease in dietary energy level during the first phase of lay resulted in a linear decrease in egg weight during the second phase of lay. An interaction effect on age at peak egg production between dietary protein level during rearing and dietary energy level during the first phase of lay was found. Birds fed the low compared to the high-protein diet during rearing showed a delayed age (229.8 vs. 210.0 d) at peak egg production when they received the standard energy diet during the first phase of lay. This effect was not present when birds were fed the high or low energy diet during the first phase of lay. Birds fed the MEl1 diet showed a delayed ASM of 1.2 and 1.6 d, while age at peak production was advanced by 11.1 and 5.8 d compared to the MEh1 and MEs1 diets, respectively.
Feeding birds the MEh2 diet decreased egg weight during the second phase of lay.
Mortality
Cumulative mortality (2.1 vs. 3.1% for CPh and CPl, respectively) during rearing was not affected by dietary protein level in that period. However, a trend was found for an increased carryover effect (P = 0.079) on mortality for the CPl compared to the CPh birds during the entire laying period (Table 8) .
Birds fed the MEh1 diet showed an increased mortality during the first phase of lay, as well as the entire laying period, compared to the birds fed the MEs1 and MEl1 diets. The latter difference was caused by an increased mortality due to leg problems. Birds fed the high compared to the standard energy diet during the second phase of lay showed a higher mortality (11.7 vs. 6.0 and 4.8%, respectively) when they received the Table 6 . Egg weight, ASM, peak egg production, and age at peak egg production as affected by dietary protein level (CP) during rearing (2 to 22 wk age), dietary energy level (ME1) during the first phase of lay (22 to 45 wk age), and dietary energy level (ME2) during the second phase of lay (45 to 60 wk age) of Ross 308 broiler breeders. 2 Egg weight is determined for all hatching eggs (small and settable). 3 ASM = age of sexual maturity, defined as age at 50% production. 4 Determined as a 3 wk rolling average. high-energy diet during the first phase of lay, whereas this effect was not present when birds were fed the standard or the low-energy diet. Dietary energy level during the second phase of lay did not affect mortality.
Fertility, Hatchability, Embryonic Mortality, and Second-Grade Chicks
Fertility during the first phase of lay was not affected by the CP diets during rearing (Table 9) . However, hatchability of set eggs (89.0 vs. 87.7%) and fertile eggs (92.2 vs. 91.1%) from CPl birds were increased compared to CPh birds due to a decreased embryonic mortality between d 10 to 21 incubation. The portion of second-grade chicks during the first phase of lay was not affected by the dietary protein level during rearing (Table 9) .
Birds fed the MEh2 diet showed an increased hatchability of fertile eggs, a decreased embryonic mortality between d 3 to 9 and 10 to 21 incubation, and a lower portion of second-grade chicks compared to birds fed the MEs2 diet (Table 10) . No effects on fertility and hatchability of set eggs were found for the treatments during the second phase of lay.
DISCUSSION
Besides some minor exceptions, no meaningful interactions between the different phases of the study were found and, therefore, this paper focuses on the main effects.
Effects of Dietary Protein Level During Rearing
The 12.8% higher feed intake needed to achieve target BW, when pullets were fed the low-CP diet, in the current study was in line with the 10.0% higher feed intake of a previous study in our laboratory (Van Emous et al., 2013) and those of Lilburn and Myers-Miller (1990) , Miles et al. (1997) , Hudson et al. (2000) , and Hocking et al. (2002) . Since the diets were isocaloric, this increase of feed intake was driven by a need for protein to reach BW. Effects of a low-CP diet during rearing on body composition (14% decreased BM and 97% Table 7 . Egg production traits and defective egg production (n/hen) during the second phase of lay (45 to 60 wk age) as affected by dietary protein level (CP) during rearing (2 to 22 wk age), dietary energy level (ME1) during the first phase of lay (22 to increased AF) at the end of rearing are in agreement with earlier findings (Spratt and Leeson, 1987; Miles et al., 1997; Hudson et al., 2000; Mba et al., 2010; Van Emous et al., 2013) . The differences in body composition could be explained by the higher daily energy and lower CP intake by the CPl birds during rearing (Table 4 ). The differences in body composition at the end of rearing in the current study disappeared during lay, as shown earlier by Van Emous et al. (2013) . Despite some small effects on number of small and double-yolk eggs, no carryover effects of dietary protein level during rearing were found on the number of total or settable eggs during the first phase of lay. However, a significant carryover effect of dietary protein level during rearing on the number of total and settable egg production during the second phase of lay was observed. Pullets fed the CPl diet produced, between 45 and 60 wk age, 3.0 more total and 3.6 more settable eggs than pullets fed the CPh diet. This effect was not observed in our previous study (Van Emous et al., 2013) due to the fact that that study was terminated at 40 wk age. The better persistency in lay of birds fed the lowprotein diet during rearing might be explained by the higher proportion of AF and lower proportion of BM at the end of rearing. Breeders with a higher body fat content are probably more able to mobilize energy reserves in periods of a negative energy balance (Renema et al., 2013 ) which probably prevent them for molting.
The lower muscle content of the body may decrease the daily energy requirement for maintenance and increase the amount of energy that would be available for egg production (Ekmay et al., 2013) .
Contrary to the current study, Miles et al. (1997) did not find any effects of a low-protein diet during rearing on total egg production. This may be caused by the different breeds, or moreover the different properties due to 15 yr of advances in selection and breeding resulting in differences in body composition (Renema et al., 2013) . On the other hand, when pullets were fed very low-protein diets (approximately 10% CP) during rearing, total egg production was negatively affected (Hudson et al., 2000; Hocking et al., 2002) . In line with our previous trial (Van Emous et al., 2013) , no effects of dietary protein level during rearing were found on egg weight.
The increased AF and decreased BM of the pullets fed the CPl diet decreased embryonic mortality of the offspring between d 10 and 21 of incubation of 0.9% (4.2 vs. 5.1%) during the first phase of lay. This resulted in a 1.3 and 1.1% increased hatchability of set and fertile eggs, respectively. Hocking et al. (2002) and Van Emous et al. (2013) did not find any effects on incubation traits when pullets received different dietary protein levels during rearing. The explanation of the positive effects of changed body composition (higher AF and lower BM portion) of the CPl birds on lower Table 8 . Mortality and cause of mortality as affected by dietary protein level (CP) during rearing (2 to 22 wk age), dietary energy level (ME1) during the first phase of lay (22 to 45 wk age), and dietary energy level (ME2) during the second phase of lay (45 to 60 wk age) of Ross 308 broiler breeders. embryonic mortality in the current study is unclear. However, it could be hypothesized that egg composition was influenced by body composition at end of rearing. Fertility of hatching eggs in the current study was not affected by different dietary protein levels during rearing. This is contrary to the findings of Brake (1997, 1999) who found that a low CP intake during rearing could reduce fertility during lay. These studies, however, were conducted with broiler breeders 2 decades ago and may therefore not comparable to the breeders in the current study. Current broiler breeders maybe showed smaller effects on fertility due to differences in body compositions at start of lay.
Effects of Dietary Energy Level During the First Phase of Lay
In the current study, a linear decreased dietary energy level during the first phase of lay resulted in a linear increased feed and CP intake, while energy Table 9 . Fertility, hatchability, embryonic mortality, and second-grade chicks during the first phase of lay (22 to intake was almost equal for reaching the same target BW. These results are in agreement with Sun and Coon (2005) , Enting et al. (2007) , and Pishnamazi et al. (2011) . Despite some numerical trends, dietary energy level did not affect body composition at 35 wk age. Contrary to our results, Sun and Coon (2005) and Pishnamazi et al. (2011) found an increased fat content of the body when birds were fed a high-energy diet during the initial or entire laying period, respectively. However, both authors also did not find an effect on protein content of the body. The explanation for the absence of a difference in AF pad in the current study as a result of a change in dietary energy level could be maybe due to the too low number of birds per pen allocated for dissection, thereby allowing an increased SEM within the treatments.
Birds fed the MEs1 diet produced a slightly higher number of total and settable eggs during the first phase of lay compared to the birds fed the MEh1 and MEl1 diets. In contrast to these findings, Pishnamazi et al. (2011) found no effect on number of eggs when birds were fed 2 different dietary energy levels (2,900 vs. 2,800 kcal/kg ME) to 33 wk age. Also Joseph et al. (2000) did not find an effect of a similar daily energy and 10% lower CP intake on total egg production. However, the latter observed a decreased number of settable eggs due to a decreased egg weight.
In the current study, no effect of different dietary energy levels during the first phase of lay on egg weight during that phase was observed. However, a carryover effect on increased egg weight (+0.6 g) during the second phase of lay was found when birds were fed the MEh1 diet during the first phase of lay (low daily CP/AA intake) compared to the MEl1 birds (high daily CP/AA intake). A comparable effect was observed by Sun and Coon (2005) when birds were fed a 5.5% higher dietary energy level. They found no effect on egg weight between 24 to 30 wk age; however, egg weight between 30 and 65 wk age was increased when birds received an isonitrogenous diet with a higher energy level during lay. No effect on egg weight between 23 and 48 wk age was observed by Joseph et al. (2002) when birds received an 8% decreased daily CP intake. However, in an earlier experiment they observed a decreased effect on egg weight during initial lay (24 to 29 wk age) when birds receive an approximately 10% lower daily CP intake (Joseph et al., 2000) . In contrast to the current study, Spratt and Leeson (1987) found higher egg weight (between 34 and 38 wk age) when breeders were fed a high-energy diet compared to a low-energy diet between 19 and 40 wk age. The difference in the latter study can be explained by the substantial difference (38%) in energy content between the diets.
Birds fed the MEl1 diet showed a small delayed sexual maturity of, on average 1.4 d compared to those fed the MEh1 and MEs1 diets. Contrary to our findings, Pishnamazi et al. (2011) found that providing a low energy diet (2,800 vs. 2,900 kcal/kg ME) advanced sexual maturity with 2 d, while Sun and Coon (2005) did not find an effect on sexual maturity when different dietary energy levels were provided. Thereafter the increase in rate of lay in the current study differed between the treatment groups. An opposite effect of 11.1 and 5.8 d on age at peak production was found for the MEl1 birds compared to the MEh1 and MEs1 birds, respectively. This may be due to the fact that birds fed the MEl1 diet received a 7.3 or 14.6% higher daily CP intake compared to the MEh1 and MEs1 diet, respectively. A high daily CP intake during initial lay could be a stimulus for development of the reproductive tract, resulting in an earlier peak egg production (Lilburn and Myers-Miller, 1990) . Moreover, Pishnamazi et al. (2011) stated that a lower protein intake (19.7 vs. 20.4 g/d) during initial lay may hamper ovary development and, as a consequence, egg production.
Feeding birds the MEh1 diet increased mortality during the first phase of lay and entire laying period compared to the birds fed the MEs1 and MEl1 diet. Contrary to our results, Sun and Coon (2005) did not find an effect on mortality when Cobb 500 birds were fed a high-energy or low-energy diet (2,955 vs. 2,800 AME n kcal/kg) during the entire laying period. The difference in total mortality in the current experiment was caused by a higher mortality due to leg problems and more specifically ruptures of the gastrocnemius tendon. It can be speculated that differences in behavior due to differences in feed intake played a role in this cause of mortality. Birds fed the high energy diet, compared to the other treatments, were much more aggressive around feeding resulting in (hyper)activity like running and jumping, inducing a higher risk of damaging the tendons (data not shown).
No effects on incubation traits were found when birds were fed different dietary energy levels during the first phase of lay. This was in agreement with Enting et al. (2007) , who fed Cobb breeders three dietary energy levels (2,200 vs. 2,500 vs. 2,800 kcal/kg AME) during the entire laying period.
Effects of Dietary Energy Level During the Second Phase of Lay
Subjecting birds to a high-energy diet during the second phase of lay resulted in a lower feed and CP intake compared to a standard-energy diet. This was in line with the results of the first phase of lay. Contrary to our expectations, the birds fed the high-energy diet showed a 2% lower daily energy intake compared to the standard-energy diet. A sound explanation for this phenomenon was not found. It may be suggested that the difference in daily energy intake was too small to cause a difference in AF at the end of lay. The absence of a relative lower BM weight due to the 10% lower daily CP intake of the MEh2 birds may be due to broiler breeders who at this age partitioned CP to sustain their BM above maintaining egg weight in favor of their offspring.
Egg production and mortality were not affected by dietary energy level which is in agreement with Sun and Coon (2005) who fed breeders a high-energy or low-energy diet (2,970 vs. 2,816 kcal/kg ME) during the entire laying period. Egg weight of the birds fed the MEh2 diet was 0.4 g lower than for birds fed the MEs2 diet, possibly due to the lower daily CP/AA (effect on albumen and yolk) and lower daily linoleic intake acid intake (effect on yolk only). However, we did not examine egg composition. In contrast to the current study, Sun and Coon (2005) found an increased egg weight when birds received a high-energy diet. The difference between the current study and the study of Sun and Coon (2005) is that in the latter study, not only energy intake was increased, but also CP intake.
A high-energy diet (and as a consequence a 10% lower daily CP/AA intake) resulted in no effects on fertility but improved hatchability of fertile eggs, which in turn was caused by a decreased embryonic mortality between d 3 to 21 incubation. This is in agreement with the studies of Pearson and Herron (1982) and Whitehead et al. (1985) . Lopez and Leeson (1995) observed an increased fertility and hatchability of set eggs and lower embryonic mortality when birds received a lower daily CP intake during the entire laying period.
The improved incubation traits in the current study probably also positively affected the quality of the embryos resulting in a lower number of second-grade chicks. This was previously underlined by Pearson and Herron (1982) who found that the portion of dead and malpositioned embryos could be reduced if daily protein intake was decreased from 27.0 to 21.3 g protein per animal per d.
CONCLUSIONS
A low-protein diet during rearing fed to broiler breeder pullets changes body composition with positive effects on incubation traits during the first phase and an improved egg production during the second phase of lay. Changing the dietary energy level compared to the standard (2,800 kcal/kg) during the first phase of lay resulted in slightly negative effects on production while a high-energy diet (3,000 kcal/kg) during the second phase of lay showed positive effects on incubation traits.
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